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AUDIO CODEC ADAPTED TO DUAL
BI'T-STREAMS AND METHODS FOR USE
THEREWITH

CROSS REFERENCE TO RELATED PATENTS

The present application claims priority to U.S. Provisional
Patent Application:

DIGITAL MICROPHONE INTERFACE, AUDIO
CODEC AND METHODS FOR USE THEREWITH, hav-
ing Ser. No. 60/749,865, filed on Dec. 13, 2005, which 1s
incorporated herein by reference for all purposes and 1is
related to the following U.S. patent applications that are
commonly assigned:

DIGITAL MICROPHONE INTERFACE, AUDIO
CODEC AND METHODS FOR USE THEREWITH, hav-
ing Ser. No. 11/344,2°74, filed on Jan. 31, 2006; the contents
of which are expressly incorporated herein in their entirety
by reference thereto.

BACKGROUND OF THE INVENTION

1. Technical Field of the Invention

The present invention relates to audio codecs and related
methods.

2. Description of Related Art

As 1s known, integrated circuits are used 1n a wide variety
of electronic equipment, including portable, or handheld,
devices. Such handheld devices include laptop, notebook
and other personal computers, personal digital assistants
(PDA), CD players, MP3 players, DVD player, AM/FM
radio, a pager, cellular telephones, computer memory exten-
sion (commonly referred to as a thumb drive), etc. Each of
these handheld devices includes one or more integrated
circuits to provide the functionality of the device. As an
example, a computer may include an audio codec integrated
circuit to support the processing of audio signals in order to
produce an audio output that 1s delivered to the user through
speakers, headphones or the like.

One concern with the implementation of integrated cir-
cuits 1s the amount of power consumed and the amount of
integrated circuit area required to implement a complex
circuit. The need exists for power eflicient circuits that can
be efliciently implemented 1n an integrated circuit environ-
ment.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 presents a pictorial view of a computer 1n accor-
dance with an embodiment of the present invention.

FIG. 2 presents a block diagram representation of an
audio codec 150 1n accordance with an embodiment of the
present mvention.

FIG. 3 presents a block diagram representation of an
audio codec 150 1n accordance with an embodiment of the
present mvention.

FI1G. 4 presents a block diagram representation of a digital
microphone interface 1n accordance with an embodiment of
the present invention.

FIGS. 5 and 6 present graphical representations of various
signals 1n accordance with an embodiment of the present
invention.

FI1G. 7 presents a block diagram representation of a digital
microphone interface 1n accordance with an embodiment of
the present invention.
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FIG. 8 presents a flowchart representation of a method 1n
accordance with the present invention.

FIG. 9 presents a flowchart representation of a method 1n
accordance with the present invention.

FIG. 10 presents a flowchart representation of a method 1n
accordance with the present invention.

FIG. 11 presents a flowchart representation of a method 1n
accordance with the present invention.

DETAILED DESCRIPTION OF THE
INVENTION INCLUDING THE PRESENTLY
PREFERRED EMBODIMENTS

FIG. 1 presents a pictorial view of a computer 1n accor-
dance with an embodiment of the present invention. In
particular, computer 100 includes integrated microphone
clements 104 for converting audio signals, such as speech
signals, mnto digital signals using audio codec 150, for
storage, use and/or processing by computer 100. In addition,
computer 100 includes an external audio mnput 106 such as
an mput jack, for coupling external audio devices such as
MP3 players, or CD players so that computer 100 may store,
use and/or process the audio outputs therefrom.

Audio codec 150 1ncludes various features and functions
in accordance with the present invention that will be
described 1n conjunction with the FIGS. that follow. While
audio codec 1350 1s presented as a component used 1n
computer 100, audio codec 150 may likewise be incorpo-
rated 1n other devices such as voice recorders, cell-phones,
and other handheld audio devices, and other electronic
devices that process analog audio signals 1nto digital signals.

FIG. 2 presents a block diagram representation of an
audio codec 1n accordance with an embodiment of the
present invention. In particular, an embodiment of audio
codec 150 1s presented. Analog to digital converter (ADC)
202 produces a first one-bit data stream from first analog
input signal 240 that 1s based on external audio mnput 106.
First analog audio signal 106 has been optionally processed
by analog front end 200 to amplity or attenuate the external
audio mput 106 to desired signal levels, and to provide
optional filtration, 1solation and/or protection of audio codec
150 from static discharge, input spikes, high voltages and
high frequencies.

Digital microphone 230 can include one or more micro-
phone elements such as microphone elements 104. In addi-
tion, digital microphone 230 includes an analog to digital
converter 231 for producing a second one-bit data stream
246. Selection module 204 produces a one-bit output signal
256 that 1s the first one-bit data stream 242 when the
selection signal 244 1s 1n a first state, and for producing the
one-bit output signal 256 that 1s the second one-bit data
stream 246 when the selection signal 244 1s 1n a second state.
In an embodiment of the present invention, selection module
204 includes a multiplexer and the selection signal 244 1s
developed externally from the audio codec 150 1n response
to a user selection of the one of either the external audio
mput 106 or the digital microphone 230 as the selected
source of audio content. In a further embodiment of the
present invention, the selection signal 244 1s automatically
generated by determining that either the external audio mnput
106 or digital microphone 230 1s producing a corresponding,
stream of data that represents audio information, other than
noise, by determiming that the sound pressure level 1s above
a noise threshold.

Decimation and filter module 206 down samples and
filters the one-bit output signal 256 by a factor of N to
produce a down sampled signal 258. In an embodiment of
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the present invention, decimation and filter module 206
provides anti-aliasing filtration, prior to the down-sampling
operation. In embodiments of the present immvention, deci-
mation and filter module 206 can include a infimite 1mpulse
response (IIR) filter, a half band filter, a finite 1mpulse
response (FIR) filter, a Butterworth filter or other filter type.

Data formatter 208 processes the downsampled signal 258
to produce formatted digital audio signal 260. In an embodi-
ment of the present invention, formatted digital output signal
260 15 a 24-bit pulse code modulated (PCM) signal, however
20-bit and 16-bit PCM and other data formats including
other multi-bit formats are also possible within the broad
scope of the present invention. In an embodiment of the
present invention, the data formatter 208 1s programmable to
any one of a plurality of data formats as described above.

In operation, a digital audio signal from either external
audio mput 106 or digital microphone 230 1s processed by
audio codec 150 1nto formatted digital output signal 260. In
an embodiment of the present invention, ADC 202 has a {irst
plurality of ADC characteristics and ADC 231 has a second
plurality of ADC characteristics, wherein at least one of the
first plurality of the ADC characteristics 1s different from a
corresponding one of the second plurality of ADC charac-
teristics. However, decimation and filtration module 206
processes the one-bit data stream for either source. This use
of a single decimation and filtration module reduces the
amount of power consumed by the circuit and also reduces
and the amount of integrated circuit area required to 1mple-
ment audio codec 150 1n an integrated circuit configuration.

In an embodiment of the present invention, the plurality
of ADC characteristics includes an ADC type, such as a delta
modulator, delta sigma modulator, multi-stage noise shaping
(MASH), multi-bit quantizers, or other ADC circuit or
configuration. Further ADC characteristics include an ADC
order such as first order, second order or higher orders
corresponding to the number of feedback loops, or integra-
tion stages included 1n a particular ADC type. In an embodi-
ment of the present mvention, ADC 202 1s implemented
using a second order delta sigma modulator and ADC 231 1s
implemented using a fourth order delta sigma modulator.
While these two ADCs have the same ADC type (delta
sigma modulators) they have a different ADC order (second,
fourth). In accordance with this embodiment, at least one of
the plurality of ADC characteristics of ADC 202 1s therefore
different from a corresponding one of the plurality of ADC
characteristics of ADC 231.

FIG. 3 presents a block diagram representation of an
audio codec m accordance with an embodiment of the
present mvention. In addition to the elements described in
conjunction with FIG. 2, this embodiment includes a digital
microphone interface 210 that receives microphone control
signals 252 from controller 220, shares microphone data and
control mformation 228 with digital microphone 230 and
produces second one-bit data stream 246. In an embodiment
of the present invention, controller 220 produces the selec-
tion signal 244, either automatically or based on some 1nput
from a user.

In an embodiment of the present invention, decimation
and filter module 206 1s programmable based on decimation
and filter parameters 254 and controller 220 modifies at least
one decimation parameter and/or at least one filter parameter
of the decimation and filter module when the selection signal
1s 1n the first state. For instance, the at least one decimation
parameter can include the downsampling factor N, and the
at least one filter parameter can include one or more of the
coellicients, gains, corner frequencies or other parameters of
a filter, such as a digital filter that 1s included in decimation
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and filter module 206. This allows one or more parameters
of decimation and filter module to be customized based on
the particular ADC characteristics of ADC 202 and ADC
231. In an embodiment of the present immvention, the deci-
mation and {filter module 1s programmable based on the
decimation and filter parameters 254 to produce a multi-bit
output such as a 16, 20, 24 or 32 bit output or other multi-bat
output.

In operation, controller 220 can program decimation and
filter module 206 with one set of decimation and filter
parameters 254 when processing the first one-bit data stream
from ADC 202. Further, controller 220 can program deci-
mation and filter module 206 with a second set of decimation
and filter parameters 254 when processing the second one-
bit data stream from ADC 231. As described herein the first
state and the second state correspond to two data streams and
not to any particular order or priority between the two data
streams.

In an embodiment of the present invention, one or more
components ol audio codec 150, such as ADC 202, the
digital microphone interface 210, selection module 204, the
decimation and filter module 206, controller 220 and data
formatter 208, can be implemented as all or part of a system
on the chip mtegrated circuit (IC). However, in an embodi-
ment of the present invention, various functions and features
can be implemented as one or more operational instructions
that are executed by a processor of a computer, an integrated
circuit or other electronic device.

FIG. 4 presents a block diagram representation of a digital
microphone interface 1 accordance with an embodiment of
the present invention. In particular, an embodiment of digital
microphone interface 210 1s presented wherein microphone
control signals 252 include frequency select signal 322 and
phase select signal 324. Further microphone data and control
228 includes a digital microphone clock and a first channel
330.

In operation, phase generator 310 generates a phase signal
based on a system clock 320 and a frequency select signal
322. Clock generator 302 produces a digital microphone
clock at a selected frequency based on the frequency select
signal and phase signal 336, and supplies the digital micro-
phone clock 334 to digital microphone 230. First data latch
304 produces a stream of first data 340, such as second
one-bit data stream 246, from first channel 330 of the digital
microphone, based on the phase select signal 324 and the
phase signal 336. In this fashion, digital microphone inter-
tace 210 supplies the clock signal to digital microphone 230
and controls the sampling frequency and phase of the data
from {first channel 330. This provides greater tlexibility 1n
programming the operation of digital microphone interface
210 to different digital microphones and further allows the
digital microphone interface to be adapted to the operation
of a particular digital microphone.

FIGS. 5 and 6 present graphical representations of various
signals 1n accordance with an embodiment of the present
invention. In this embodiment, phase generator 310 1s 1imple-
mented with a programmable counter. In particular, FIGS. 5
and 6 1llustrate an embodiment of the present invention
wherein the phase generator 310 1s implemented with a
four-bit counter, however, a greater or lesser number of bits
may likewise be implemented within the broad scope of this
embodiment. For a first selected frequency, phase generator
310 provides an incrementing phase signal 336 that corre-
sponds to a phase count from one to 16 (or O to F when
represented in hexadecimal numbers) over sixteen cycles of
system clock 320. Digital microphone clock 334 1s gener-
ated by clock generator 302 based on phase signal 336, for
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the first selected frequency by creating a falling edge when
the phase s1gn 336 1s equal to “7” and a rnising edge when the
phase signal 336 1s equal to “F”.

In this embodiment, first data latch 304 latches the data
from first channel 330 when the phase signal 336 15 equal to
a first latch phase selected by the phase select signal 324. In
an embodiment of the present invention, the first phase
select signal 324 1s a 2-bit signal that includes four possible
latch phases, such as rising edge phase (when the phase
signal 336 1s F), a midpoint high phase (when the phase
signal 336 1s 3), a falling edge phase (when the phase signal
1s 7), and a midpoint low phase (when the phase signal 336
1s B).

In an embodiment of he present invention, the data from
the first channel 330 1s sampled at one phase value of phase
signal 336 for each cycle of digital microphone clock 334.
For example, first data latch 304 can latch the data from {first
channel 330 at a first latch phase, set by phase select signal
324 to allow the data from first channel 330 to settle as long
as possible. In this example, a first latch phase of F 1s
selected. The first data latch 304 will then proceed to latch
the data stream of first channel 330 when the phase signal
336 1s equal to the first latch phase.

As discussed above, the clock generator 302, phase gen-
erator 310 and first data latch 304 are each responsive to
frequency select signal 322 that 1s capable of programming
these devices to a plurality of different frequencies. If, for
example, the frequency of system clock 320 1s 48 MHz,
then, for the example discussed above, the frequency of the
digital microphone clock 334 1s (¥16)48 MHz=3 MHz. In an
embodiment of the present invention, the frequency select
signal 322 1s a 2-bit signal that takes on four values however,
other values either greater or less may likewise be 1mple-
mented, based on the implementation of phase generator 310
and particularly, the number of bits used.

FIG. 6 presents a further example where a higher fre-
quency 1s selected by frequency select signal 322. In
response, phase generator 310 resets when 1t reaches a phase
of B after 12 cycles of the system clock 320. Digital
microphone clock 334 changes states at phases 5 and B of
phase signal 336. In this embodiment, 11 first data latch 304
allows the data from first channel 330 to settle as long as
possible, first data latch 304 will then proceed to latch the
first data stream when the phase signal 1s equal to B. If, for
example, the frequency of system clock 320 1s 48 MHz,
then, for the example discussed above, the frequency of the
digital microphone clock 334 1s (¥12)48 MHz=4 MHz.

While the foregoing description provides a counter imple-
mentation of phase generator 310, in alternative embodi-
ments ol the present invention, other circuitry including
other digital and analog circuitry may be used to generate the
phase signal 336 used by other components of digital
microphone interface 210.

FIG. 7 presents a block diagram representation of a digital
microphone intertace in accordance with an embodiment of
the present invention. In this embodiment, digital micro-
phone 230 has a second channel 332. Microphone control
signals 252 include a mode select signal 326 that 1s a 2-bat
signal, however, greater or lesser number of bits can like-
wise be mmplemented. In an embodiment of the present
invention, three modes are possible: a two channel monaural
mode, a first channel stereo mode and a second channel
stereo mode. In the monaural mode, separate data are
collected from the first channel 330 and the second channel
332. Channel combiner 308, 1n response to a selection of
monaural mode of mode selection signal 326, combines the
first data 340 and second data 342 into a combined data
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stream 350. In this mode, second data latch 306 operates on
second channel 332, based on the phase select signal 324
and the phase signal 336 in a similar fashion to first data
latch 304 described 1n conjunction with FIGS. 4-6. The first
data latch 304 latches the first channel 330 at one phase
value of the phase signal 336 (such as B or F depending on
the selected frequency). Also the second data latch 306
latches the second channel 332 at one phase value of the
phase signal 336 (such as B or F depending on the selected
frequency).

In an embodiment of the present invention, combined data
stream 3350 1s a multiplexed signal such as a time division
multiplexed signal that includes two separate audio channels
corresponding to the first channel 330 and the second
channel 332. However, 1n further embodiments, channel
combiner 308 includes a processor for combining the first
channel 330 and the second channel 332 based on more
complex gain and phase adjustments to implement beam
forming, noise cancellation or other processing techniques
based on multiple microphone elements. Further, while the
foregoing description includes a first and second data chan-
nels 330 and 332, likewise, a greater number of channels
(such as four or more channels, such as from four or more
microphones) could be processed by a greater number of
data latches, or by each data latch latching at two or more
phase values of phase signal 336. In accordance with these
further embodiments, combined data stream 350 may
include data from a single processed audio channel or from
multiple channels on a single input.

In the first channel stereo mode, a full stereo signal 1s
derived from only the first channel 330. In response to this
selection of mode selection signal 326, second data latch 306
can be disabled. In this mode, first data channel 330 includes
data 1n response to both the rising and falling edge of digital
microphone clock 334 and therefore has two data values for
cach cycle of digital microphone clock 334. In response, the
first data latch 304 latches the first channel 330 at two phase
values of the phase signal 336 (such as |7, F] or [5, B], based
on the selected frequency). In an embodiment of the present
invention, phase select signal 324 includes a first latch phase
and a second latch phase (such as [7, F] or [5, B]) when the
first channel stereo mode 1s selected.

In the second channel stereo mode, a full stereo signal 1s
derived from only the second channel 332. In response to
this selection of mode selection signal 326, first data latch
304 can be disabled. In this mode, second data channel 332
includes data in response to both the rising and falling edge
of digital microphone clock 334 and therefore has two data
values for each cycle of digital microphone clock 334. In
response, the second data latch 306 latches the second
channel 332 at two phase values of the phase signal 336
(such as [7, F] or [5, B], based on the selected frequency),
as described above in conjunction with the first channel
stereo mode.

FIG. 8 presents a flowchart representation of a method 1n
accordance with the present mvention. In particular, a
method 1s presented for use 1n conjunction with the func-
tions and features described 1n conjunction with FIGS. 1-7.
The method begins 1n step 500 by converting a {irst analog
iput signal into a first one-bit data stream. In step 502, a
second one-bit data stream 1s received from a digital micro-
phone. In step 504 the method determines 1f a selection
signal 1s 1n a first state. A one-bit output signal that 1s the first
one-bit data stream 1s produced when a selection signal 1s 1n
a first state as shown 1n step 506. The one-bit output signal
1s the second one-bit data stream when the selection signal
1s 1n a second state as shown 1n step 508. In step 510 the
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method proceeds by decimating and filtering the one-bit
output signal with a decimation and filter module to produce
a down sampled signal. In step 512, the down sampled signal
1s formatted to produce a formatted digital audio signal.

FIG. 9 presents a flowchart representation of a method in
accordance with the present invention. In particular, a
method 1s presented for use 1 conjunction with the func-
tions and features described 1n conjunction with FIGS. 1-8.
Further the method of FIG. 9 1s modified by adding the
optional step 520 of modilying at least one decimation
parameter of the decimation and filter module when the
selection signal 1s 1n the first state. In addition, optional step
522 1s included for moditying at least one filter parameter of
the decimation and filter module when the selection signal 1s
in the first state.

FIG. 10 presents a flowchart representation of a method in
accordance with the present invention. In particular, a
method 1s presented for use 1 conjunction with the func-
tions and features described 1n conjunction with FIGS. 1-9.
The method begins 1n step 600 by generating a phase signal
based on a system clock and a frequency select signal. A
digital microphone clock 1s produced in step 602 at a
selected frequency based on the frequency select signal. In
step 604, the digital microphone clock 1s supplied to a digital
microphone. In step 606, a stream of first data 1s produced
from a first channel of the digital microphone, based on a
phase select signal and the phase signal.

FIG. 11 presents a flowchart representation of a method in
accordance with the present mvention. In particular, a
method 1s presented for use 1 conjunction with the func-
tions and features described 1n conjunction with FIGS. 1-9.
In addition to the step of FIG. 10 the method includes step
608 for producing a stream of second data from a second
channel of the digital microphone, based on the phase select
signal and the phase signal. In step 610, the first stream of
data and the second stream of data are combined 1nto a
combined data stream.

While the digital microphone interface 210 has been
described 1n terms of 1ts uses in conjunction with an audio
codec such as audio codec 150, digital microphone 1nterface
210 may likewise be used 1n other audio codec designs and
in conjunction with other electronic circuits and devices
apart from an audio codec within the broad scope of the
present invention.

The various processors disclosed herein can be imple-
mented using a microprocessor, micro-controller, digital
signal processor, microcomputer, central processing unit,
field programmable gate array, programmable logic device,
state machine, logic circuitry, analog circuitry, digital cir-
cuitry, optical circuitry, optical/mechamical devices and/or
any device that manipulates signals (analog and/or digital)
based on operational instructions that are stored in memory.
The memory may be a signal memory device or a plurality
of memory devices. Such a memory device may be a
read-only memory, random access memory, volatile
memory, non-volatile memory, static memory, dynamic
memory, tlash memory, cache memory, and/or any device
that stores digital information. Note that when the process-
ing module implements one or more of its functions via a
state machine, analog circuitry, digital circuitry, and/or logic
circuitry, the memory storing the corresponding operational
istructions may be embedded within, or external to, the
circuitry comprising the state machine, analog circuitry,
digital circuitry, and/or logic circuitry. Further note that, the
memory stores, and the processing module executes, opera-
tional instructions corresponding to at least some of the steps
and/or functions 1illustrated herein.
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As one of ordinary skill 1n the art will appreciate, the term
“substantially” or “approximately”, as may be used herein,
provides an industry-accepted tolerance to 1ts corresponding
term and/or relatively between items. Such an industry-
accepted tolerance ranges from less than one percent to
twenty percent and corresponds to, but i1s not limited to,
component values, integrated circuit process variations,
temperature variations, rise and fall times, and/or thermal
noise. Such relativity between 1tems ranges from a differ-
ence of a few percent to magnitude differences. As one of
ordinary skill in the art will further appreciate, the term
“operably coupled”, as may be used herein, includes direct
coupling and indirect coupling via another component,
clement, circuit, or module where, for indirect coupling, the
intervening component, element, circuit, or module does not
modily the information of a signal but may adjust 1ts current
level, voltage level, and/or power level. As one of ordinary
skill 1n the art will also appreciate, inferred coupling (1.e.,
where one element 1s coupled to another element by infer-
ence) includes direct and indirect coupling between two
clements 1n the same manner as “operably coupled”. As one
of ordinary skill in the art will further appreciate, the term
“compares favorably”, as may be used herein, indicates that
a comparison between two or more elements, 1tems, signals,
etc., provides a desired relationship. For example, when the
desired relationship 1s that signal 1 has a greater magnitude
than signal 2, a favorable comparison may be achieved when
the magnitude of signal 1 1s greater than that of signal 2 or
when the magnitude of signal 2 1s less than that of signal 1.

In preferred embodiments, the various circuit components
are 1mplemented using 0.35 micron or smaller CMOS tech-
nology. Provided however that other circuit technologies
including other transistor, diode and resistive logic, both
integrated or non-integrated, either electronic, optical or
optical/mechanical may be used within the broad scope of
the present invention. Likewise, various embodiments
described herein can also be implemented as soitware pro-
grams running on a computer processor. It should also be
noted that the software implementations of the present
invention can be stored on a tangible storage medium such
as a magnetic or optical disk, read-only memory or random
access memory and also be produced as an article of
manufacture.

Thus, there has been described herein an apparatus and
method, as well as several embodiments including a pre-
ferred embodiment, for implementing a digital microphone
interface and audio coded. Various embodiments of the
present invention herein-described have features that distin-
guish the present invention from the prior art.

It will be apparent to those skilled 1in the art that the
disclosed mnvention may be modified 1n numerous ways and
may assume many embodiments other than the preferred
forms specifically set out and described above. Accordingly,
it 1s intended by the appended claims to cover all modifi-
cations of the invention which fall within the true spirit and
scope of the invention.

What 1s claimed 1s:

1. An audio codec comprising;:

a first analog to digital converter (ADC), operably
coupled to a first analog input signal for producing a
first one-bit data stream, the first ADC having a first
plurality of ADC characteristics;

a selection module, operably coupled to the first analog to
digital converter, to a second one-bit data stream from
a digital microphone and a selection signal, for pro-
ducing a one-bit output signal that 1s the first one-bit
data stream when the selection signal 1s 1n a first state,
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and for producing the one-bit output signal that 1s the
second one-bit data stream when the selection signal 1s
1n a second state;

a decimation and {filter module, operably coupled to the
one-bit output signal, for producing a down sampled
signal; and

a data formatter, operably coupled to the down sampled
signal, for producing a formatted digital audio signal;

wherein, the digital microphone 1includes a second analog
to digital converter having a second plurality of ADC
characteristics and wherein at least one of the first
plurality of the ADC characteristics 1s different from a
corresponding one of the second plurality of ADC
characteristics.

2. The audio codec of claim 1 wherein the first plurality
of the ADC characteristics includes a first ADC type and a
first ADC order.

3. The audio codec of claim 1 wherein the second plurality
of the ADC characteristics includes a second ADC type and
a second ADC order.

4. The audio codec of claim 1 further comprising:

a controller, operably coupled to the selection module and
the decimation and filter module, for producing the
selection signal and for moditying at least one decima-
tion parameter of the decimation and filter module
when the selection signal 1s 1n the first state.

5. The audio codec of claim 1 further comprising:

a controller, operably coupled to the selection module and
the decimation and filter module, for producing the
selection signal and for modifying at least one filter
parameter of the decimation and filter module when the
selection signal 1s 1n the first state.

6. The audio codec of claim 1 wherein at least one of: the
first analog to digital converter, the selection module, the
decimation and filter module and the data formatter, are
implemented on a system on a chip integrated circuait.

7. The audio codec of claim 1 wherein the down sampled
signal 1includes a multi-bit output.

8. An audio codec comprising:

a first analog to digital converter, operably coupled to a
first analog input signal for producing a {first one-bit
data stream;

a digital microphone interface for producing a second
one-bit data stream from a digital microphone that
includes a second analog to digital converter;

a selection module, operably coupled to the first analog to
digital converter, to the second one-bit data stream and
a selection signal, for producing a one-bit output signal
that 1s the first one-bit data stream when the selection
signal 1s 1n a first state, and for producing the one-bit
output signal that 1s the second one-bit data stream
when the selection signal 1s 1 a second state; and

a decimation and filter module, operably coupled to the
one-bit output signal, for producing a down sampled
signal;

wherein the second analog to digital converter (ADC) has
a second ADC order and the first analog to digital
converter has a first ADC order and the first ADC order
1s different than the second ADC order.

9. The audio codec of claim 8 wherein the second analog
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first analog to digital converter has a first ADC type and the
first ADC type 1s different than the second ADC type.

10. The audio codec of claim 8 wherein the second analog
to digital converter includes a delta sigma modulator.

11. The audio codec of claim 8 wherein the first analog to
digital converter includes a delta sigma modulator.

12. The audio codec of claim 8 further comprising:

a controller, operably coupled to the selection module and
the decimation and filter module, for producing the
selection signal and for modifying at least one decima-
tion parameter ol the decimation and filter module
when the selection signal 1s 1n the first state.

13. The audio codec of claim 8 further comprising:

a controller, operably coupled to the selection module and
the decimation and filter module, for producing the
selection signal and for modifying at least one filter
parameter of the decimation and filter module when the
selection signal i1s 1n the first state.

14. The audio codec of claim 8 wherein at least one of: the
first analog to digital converter, the digital microphone
interface, the selection module, and the decimation and filter
module are implemented on a system on a chip integrated
circuit.

15. The audio codec of claim 8 further comprising:

a data formatter, operably coupled to the down sampled

signal, for producing a formatted digital audio signal.

16. The audio codec of claim 8 wherein the down sampled
signal includes a multi-bit output.

17. A method comprising:

converting a first analog 1nput signal into a first one-bit
data stream using a first analog to digital conversion
method:;

converting a microphone signal mto a second one-bit data
stream using a second analog to digital conversion
method that 1s different from the first analog to digital
conversion method;

receiving the second one-bit data stream from a digital
microphone;

producing a one-bit output signal that 1s the first one-bat
data stream when a selection signal 1s 1n a first state,
and for producing the one-bit output signal that 1s the
second one-bit data stream when the selection signal 1s
in a second state;

decimating and filtering the one-bit output signal with a
decimation and filter module to produce a down
sampled signal; and

formatting the down sampled signal to produce a format-
ted digital audio signal.

18. The method of claim 17 further comprising:

modifying at least one decimation parameter of the deci-
mation and filter module when the selection signal 1s 1n
the first state.

19. The method of claim 17 further comprising:

moditying at least one filter parameter of the decimation
and filter module when the selection signal 1s 1n the first
state.

20. The method of claim 17 wherein the down sampled

signal includes a multi-bit output.
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